INTRODUCTION
CARBON DIOXIDE accumulation during general anaesthesia continues to be a serious problem to the anaesthetist. The present investigation, which aimed at determining the efficiency of soda lime, seems to indicate that the technique for carbon dioxide removal may be more important than is generally believed.
METHODS
The efficiency of the carbon dioxide absorption by soda lime was determined in the following way.
(1) " Circle " breathing.
In six experiments, a subject breathing through a Waters canister fully packed with 425 g of fresh soda lime was connected to a closed circuit spirometer as described by Erikson et al. (1951) . The expired air then passed the canister before entering the spirometer where the amount of carbon dioxide not absorbed by the soda lime was determined.
This was achieved by circulating the expired air through an absorption unit with 10 per cent KOH. In this unit, where temperature and vapour pressure are constant, carbon dioxide was completely removed and recorded volumetrically with an accuracy of ± 5 ml. The inspired air was also drawn through the canister. The ventilation and oxygen consumption of the subjects were simultaneously determined.
The resistance of the spirometer is negligible, only 2 to 3 mm of water.
The carbon dioxide absorption in two different brands of widely used soda lime was compared. Both these brands were from manufacturers of high reputation and filled the requirements set for soda lime for anaesthetic purposes.
The regeneration of the activity of the soda lime was investigated in some experiments, inserting " resting periods " of 40 minutes several times during the experiments (in one case the "resting period " was 24 hours).
In one experiment the absorbing efficiency during increased metabolism due to exercise (250 kg-m/min on a bicycle ergometer) was determined.
(2) " To and fro " breathing.
In two experiments the efficiency of carbon dioxide absorption in a "to and fro " breathing system was determined by analysing the carbon dioxide content in samples of inhaled air using an experimental arrangement as shown in figure 1.
Oxygen was supplied continuously in order to maintain a convenient volume of the bag. The bag was placed in a closed bottle connected to a spirometer bellow, thus obtaining tracings of tidal volume and ventilation. At regular intervals the mouthpiece was closed and the subject disconnected from the apparatus. Applying suction, a volume equal to the tidal volume was drawn into a rubber bag through a sampling tube, thoroughly mixed and analysed for oxygen and carbon dioxide content in a Scholander "i-c.c. analyser". The accuracy of this method is ±0.015 per cent.
RESULTS
(1) Carbon dioxide absorption during " circle " breathing. Table I shows the results from one experiment. "Absorption efficiency" is the amount of carbon dioxide absorbed by the lime expressed as a percentage of the amount produced by the subject. The carbon dioxide output was calculated from the R.Q. value found when the subject was breathing in the spirometer without canister and the oxygen consumption determined during the actual experiment. R.Q. was assumed to be constant throughout the experiment.
The "absorption efficiency" in four experiments on the same subject, using two different brands of soda lime is listed in table II. Table III shows the results from an experiment performed in order to investigate a possible "regeneration" of the soda lime. The data do not indicate regeneration of this soda lime when resting periods of 40 minutes were used.
In table IV the data obtained during exercise are listed. The work performed was 250 kg-m/min during the whole experiment. After 90 minutes the experiment was interrupted. Twentyfour hours later the same soda lime was used in the same subject for another 90 minutes. Neither in this case could " regeneration " be demonstrated.
Carbon dioxide absorption during " to and fro " breathing. The data from two experiments on the same subject using two different brands of soda lime are given in table V. Corresponding to the rising carbon dioxide in inspired air a considerable increase of ventilation was observed.
Air temperature in the canister.
A mercury thermometer was placed in the canister close to the mouthpiece, and the temperatures observed in all experiments. Air temperature ranged from 37°C to 39.5°C. The correlation between the temperatures and the absorption efficiency of the soda lime was poor (see fig. 2 ). Fio. 2 Air temperatures in the canister and percentage carbon dioxide in expired air after passing the canister. Two subjects. Our experiments, primarily designed to investigate the relative efficiency of two different brands of soda lime, showed absorption-even during rest-to be much less efficient.than would be expected considering that "high quality" soda lime was being used. Some remarks on the use of soda lime in a closed system in general thus seem justified.
Our experimental conditions may not be ideal. In our " circle breathing" experiments, for instance, the amount of unabsorbed carbon dioxide was removed in the spirometer and thus did not accumulate in the system (and in the patient). It should be noted, however, that since inspiratory air is drawn through the canister " dead space " in the system will increase gradually as the soda lime gets exhausted.
Carbon dioxide production was probably higher in our subjects than would be generally expected in anaesthetized patients.
Many of the previous reports on the efficiency of carbon dioxide absorption have been based on the results of experiments performed with mechanical models. These have the advantage of permitting variable factors to be altered at will. Such experiments, however, can never quite reproduce the conditions encountered in our patients.
It is well known that the more exactly the tidal volume is accommodated in the intergranular space in the canister, the better the absorption. In our experiments, performed during rest, no definite correlation was found between absorption efficiency and tidal volume. One reason why such a correlation could not be demonstrated might be the fact that both tidal volume and respiratory rate are apt to change rapidly during the experiments. Such changes, however, often also take place in anaesthetized patients.
On the other hand a completely closed system is rather seldom used by anaesthetists. We are also aware that the way the widely used controlled or assisted respiration is carried out will influence carbon dioxide absorption.
The most remarkable feature of our experiments is the relative inefficient carbon dioxide absorption by the soda lime. This is particularly noteworthy in the " to and fro " experiments. In these last experiments the unabsorbed carbon dioxide will accumulate in the system. The increase in tidal volume, noticeable already during the first hour, has also contributed to reducing the absorption efficiency.
There are few statements on what might be considered an innocuous concentration of carbon dioxide in inspired air. The concentrations found in our experiments must be considered high, however, and exceed by far the arbitrary maximum of a "permissible" concentration of 0.2 per cent as recently set by Woolmer and Lind (1954) . Mousel et al. (1946) use the value of 0.6 per cent as an indication for the end point of efficient absorption by the soda lime.
With regard to the comparison of the two brands of soda lime, brand A points itself out as the better, both with regard to absorption efficiency and duration of action. If the prices of the limes are taken into consideration, however, one would for the same expense get more carbon dioxide absorption out of the least efficient soda lime (B). According to Adriani and Rovenstine (1941) regeneration of the activity of soda lime may occur a number of times if allowed to stand unexposed to carbon dioxide for half an hour or more. This phenomenon is explained by the fact that sodium hydroxide, the more active and soluble alkali in the lime, preferentially forms carbonate. Then an interaction between sodium carbonate and calcium hydroxide takes place, and sodium hydroxide regenerates on the surface of the granules, thus reactivating absorption. Mousel et al. (1946) on the other hand maintain that the amount of moisture present in the soda lime controls the activity, and when regeneration takes place during a rest period, this is the result of moisture being condensed and redistributed on the particles of the absorbent.
We will not place too much emphasis on the fact that our experiments failed to show evidence of regeneration after resting periods of 40 minutes, but we would like to point out that an " apparent regeneration" may well be explained without taking a "chemical regeneration " of the lime into consideration. For instance, when handling the canister the granules of the soda lime may easily change position. In this way previously unexposed surfaces arid granules may come in contact with the gas stream, thus improving the performance of the canister.
A decrease of the absorption efficiency may also occur for the same reason as a result of handling, as recently described by Robson and Pask (1954) . These workers also stress the importance of a correct packing of the lime, and the usefulness of applying a certain degree of compression on the granules to avoid channelling and improve absorption efficiency.
In our experiments care was taken to avoid shaking of the canisters.
Considering the many variable factors involved in carbon dioxide absorption and the well-known difficulties in detecting carbon dioxide accumulation in anaesthetized patients (carbon dioxide concentration as high as 2 per cent may pass unrecognized) we feel that further studies, which should aim at obtaining a better control of carbon dioxide during anaesthesia, are desirable. Our studies indicate that, in a closed system, carbon dioxide absorption by means of soda lime is not a sufficiently reliable method.
It would be difficult to over-emphasize the value of this type of volume. We are familiar with the excellent reports of symposia published by the New York Academy of Science, and in these days of rapid advancement they are of continual assistance to the busy practitioner in his efforts to keep abreast of the times. Sometimes their emphasis is rather towards the very academic aspects of their subject, and the practical clinician, as opposed to those working in University Centres, might find these reports of little immediate application. The volume under review is a verbatim report on a symposium on Sedative and Hypnotic Drugs organized by the MilesAmes Research Laboratories and the Sumner Research Laboratories, to mark the opening of their new premises. It is full of interest to all who practise the specialty of anaesthesia.
There are six chapters, two or three of which might be found rather hard going for the clinician; but the discussions which are reported following each chapter are not the least interesting parts of the symposia.
Dr. H. W. Magoun writes the first section on " A Neural Basis for the Anaesthetic State " and he reviews the modern approach to the presentday knowledge of the mode of action of anaesthetics. This is followed by an up-to-date account by Dr. D. E. Green of the relation of the mode of action of the sedative and hypnotic drugs to the intracellular respiratory enzymes. The pharmacological evaluation of sedative and hypnotic drugs is reviewed in the next chapters and the difficulties concerned with their clinical assessment.
The point is substantially made by Dr. Heath that the clinical assessment of the relative effectiveness of various analgesics is really based on subjective observations which are conditioned by the subjective psychological state of the patient or subject, whose reactions are influenced by his psychological stress at the time of the experiment. A method of objective assessment using the electro-encephalograph is proposed.
The book ends with a report of a panel discussion which is of the greatest interest and contains an excellent summary by Dr. W. K. Livingstone of the whole symposium.
The contributors to the volume are of the highest standing in their subjects and each contribution to the discussion is assisted by a photograph of the author.
Perhaps it is surprising to find no discussion of the new antagonists to sedative and hypnotic drugs and certainly those who are looking for a detailed summary of the relative values of the numerous morphine and barbiturate derivatives now available will be disappointed. Nevertheless this is a book which can be honestly recommended to all who are practising the specialty of anaesthesia, and who aspire to be something more than technicians.
T. Cecil Gray
